When eggs were disinfected by dipping for 14 min in sodium hypochlorite solution at 3ZOC before incubation, subsequent sterilization of the shells on the 19th day of incubation with mercuric chloride significantly reduced hatchability below that obtained when eggs were not so treated. Sterilization with peracetic acid did not significantly affect hatchability whether the eggs were decontaminated or not. The substitution of water for sodium hypochlorite solution did not alter the effect of the sterilizing agents on hatchability.
The efficiency of any sterilization procedure will clearly be influenced by the bacterial load on the shell. To reduce this load we have found it advantageous to collect eggs at 2-hourly intervals and immediately place them for 14 min in a weak sodium hypochlorite solution kept at 32°C. The accumulated evidence from our records shows that subsequent sterilization with mercuric chloride caused a marked reduction in the percentage of chicks hatching whereas sterilization with peracetic acid had little effect on hatchability.
The present study was made in order to examine the procedures in detail and to determine the effects of different steps on hatchability.
MATERIALS AND METHODS

Eggs
For most experiments eggs from our own breeding flock of Rhode Island Red x Light Sussex hens were used. For the first experiment eggs were obtained from a commercial hatchery. Only eggs which were visibly clean and free from cracks were used. Untreated eggs were set and hatched according to normal commercial practice. Sterile rubber or neoprene gloves were used when handling eggs that were to be introduced into isolators. Rubber gloves were sterilized by irradiation, neoprene gloves by autoclaving.
Sodium hypochlorite decontamination
Eggs were packed in a plastic-coated wire basket and dipped by immersion for 14min. in a pail of sodium hypochlorite solution (0.3 per cent vjv 'Chloros', Imperial Chemical Industries Ltd, Millbank, London, S.W.l) at 32°C. In experiments number 1, 3 and 4 eggs were not dipped until just before incubation; in experiment 2, eggs were collected every 2 h and were immediately dipped. They were then stored until sufficient had been collected. In experiments 3 and 4 some eggs were not treated with sodium hypochlorite but instead were dipped for 14 min in water at 32°C. All eggs were then incubated in a standard incubator and candled on the 19th day: only those with sound shells and live embryos were used. In each experiment the required number of eggs from each pre-incubation treatment group was placed in nylon net bags each of which held 8 eggs.
Mercuric chloride sterilization
The nets were immersed for 2 min in a detergent (2 per cent vjv 'Lissapol', Imperial Chemical Industries Ltd) at 37°C and massaged gently by an operator wearing sterilized neoprene gloves. The nets were then transferred for 8 min to a 2 per cent wjv solution of mercuric chloride at 37°C and finally rinsed in a detergent (0.2 per cent vjv 'Marinol', Berk Pharmaceuticals Ltd, HATCHABILITY OF GERM-FREE CHICKS 53
8 Baker Street, London, W.l). The eggs were then returned to the incubator, or introduced via the dunk tank into germ-free isolators as described by Coates et al. (1963) . In some experiments the effect of different times of immersion in detergent was studied.
Peracetic acid sterilization
Each net was placed in a nylon-film bag and sprayed with 5 ml of 2 per cent peracetic acid with O. t per cent 'Lissapol' as a spreading agent ( Fig. 1 ). The volume of each bag was about 2 500 ml. The open end of the nylon bag was rapidly closed with a glass-fibre plug, secured with an elastic band and returned to the incubator for 30 min (in some experiments this time was extended to 45 or 60 min). The eggs were then removed from the bag and left in the incubator to hatch, or were transferred in the net bag to the germfree isolator.
Any eggs which were cracked or which pipped during the sterilization procedure were not returned to the incubator.
Determination of hatchability
On the 22nd day of incubation hatchability was determined as the percentage of live chicks hatched from the eggs returned to the incubator or isolator on the 19th day.
Statistical treatment
Tests of significance were based on one-way analysis of variance of the percentage hatchabilities shown in Table 1 Table 1 , which also shows the mean per cent hatch, with standard errors, of all treatments. The results of tests of significance are shown in Table 2 . It is evident that a small and insignificant reduction in hatchability (from 83 to 78 per cent) resulted from treating with mercuric chloride eggs that had received no pre-incubation treatment. Mercuric chloride treatment of eggs that had been dipped in water resulted in a significant drop in hatchability (89 to 53 per cent) compared with eggs that were not treated. A comparable reduction in hatchability (89 to 42 per cent) occurred with eggs that were dipped in sodium hypochlorite solution. The effect on hatchability of time of treatment with the sterilizing agent is shown in Table 3 . The toxic effect of mercuric chloride treatment, even when given for shorter times than are usually considered necessary for sterilization, is clearly seen, whereas the hatchability of eggs exposed to peracetic acid vapour only fell appreciably when a period of 60 min was used. Table 4 shows that the mean percentage hatch in the incubator of eggs sterilized with mercuric chloride (41 per cent) was less than half that obtained with peracetic acid (91 per cent). In a separate trial, immersion of eggs in 2 per cent 'Lissapol' solution for 10 min did not reduce hatchability below that of untreated controls. Table 5 indicates the number of isolators remaining germ-free for 4 weeks after hatching and rearing chicks from eggs sterilized with mercuric chloride or peracetic acid. The mean percentage hatch is also shown.
It is clear from this table that peracetic acid was no less effective than mercuric chloride as a sterilizing agent and permitted much better hatchability. To obtain good hatches of germ-free chickens it is necessary to have an efficient method for sterilizing egg shells without killing large numbers of embryos.
In our experience early disinfection to reduce the bacterial load on the shell is a safeguard against the contamination of isolators. Unfortunately, it has now become apparent that this process results in an undesirable reduction in hatchability.
The mean hatch for all eggs treated with mercuric chloride for the 3 years before introducing the early disinfection procedure was 62 per cent, and for the 3 years following it was 50 per cent.
Experiments to determine the effect of pre-incubation treatment of eggs have shown quite clearly that when the eggs were dipped in sodium hypochlorite solution, subsequent sterilization on the 19th day of incubation with 2 per cent mercuric chloride solution significantly reduced the hatchability when compared with untreated eggs similarly sterilized, whereas subsequent disinfection with peracetic acid had little effect on hatchability.
The reduction in hatchability resulting from the immersion of eggs in mercuric chloride solution can be considerably aggravated by different treatments of the shell. For example, a reduction from 64 to 24 per cent was recorded by Reyniers et at. (1949) when the eggs were dry brushed immediately before immersion in mercuric chloride solution. When a detergent only was used in place of brushing, the hatchability was substantially unchanged by mercuric chloride (53 and 60 per cent). These procedures were done after 20 days incubation, but in all our experiments involving mercuric cWoride sterilization, although gentle agitation in detergent was common to all eggs, dipping in sodium hypochlorite solution took place before incubation had begun. There were some differences in experimental detail in that in experiment 2 the eggs were dipped immediately after collection and then stored for up to 2 weeks, while in experiments 1, 3 and 4 they were stored first and dipped immediately before incubation. However, this difference was not reflected in the results. The similar results we have obtained after the apparently mild treatment of eggs by immersion in warm water or sodium hypochlorite solution are surprising. It appears, therefore, that deleterious effects are caused when the dipping procedure is carried out before incubation starts-and it may be that the shell is particularly susceptible at this time. Thus if the porosity of the shell is increased, the risk of greater penetration by mercuric chloride later on may also be increased, leading to increased mortality of the embryo.
There is some evidence that the porosity of the egg shell can be increased by different treatments, ranging from water washing to machine sanding (Fromm, 1960; Brown, Baker & Naylor, 1966) . Fromm (1960) used his own method of dye penetration (Fromm, 1959) ; the eggs were washed in tap water for 3 min at different temperatures and porosity was estimated after storage for 0, 2, 4, 6 or 8 days. The porosity increased with time of storage and that of unwashed eggs was always less than washed eggs. We have made some preliminary determinations of the porosity of dipped and undipped eggs using the method of Fromm (1959) , and have found that the porosity of newly laid eggs dipped in sodium hypochlorite solution was markedly greater than that of undipped eggs. However, when eggs that had been stored for 9 or 10 days after dipping were used, there was little difference between treated and untreated groups, although the porosity of both groups was greater than that obtained with fresh eggs. Reyniers et al. (1949) recommended 8 min immersion in mercuric chloride to ensure acceptable sterility of the shell and satisfactory hatchability. In our conditions very low hatchability of dipped eggs was obtained when an immersion time of 8 min was used, hence trials were made to see if shorter times would appreciably improve hatchability. The results of these trials clearly showed that even with times as brief as 0.5 or I min, there was still a marked reduction in hatchability compared with untreated eggs. Therefore no great advantage would be gained by reducing the time of immersion of eggs in mercuric chloride solution; in addition it is likely that the efficiency of shell sterilization would be impaired. The depression in hatchability was clearly the result of toxicity rather than of the immersion procedure, since immersion for 10 min in a fluid containing no mercuric chloride had no deleterious effect on hatchability.
Very few details are available of experiments in which peracetic acid has been used as a sterilizing agent for egg shells. Sacquet (1968) stated that the vapour of a 2 per cent solution destroyed spores in 20 min and we therefore decided that 30 min would allow a reasonable margin of safety. The 91 per cent hatch obtained when eggs were returned to the incubator after peracetic acid treatment compared favourably with that of 41 per cent for mercuric chloride treated eggs. The time of exposure to the vapour of peracetic acid does not seem to be unduly critical, for our results show that it was necessary to double it before the hatch was reduced to 38 per cent.
The effectiveness of sterilization of the egg shell, as judged by the germfree status of the isolators, can be assessed only after a detailed study over a long time. However, from our limited experience so far, peracetic acid appears to compare favourably with mercuric chloride. When peracetic acid was used as the sterilizing agent 23 out of 29 isolators remained germ-free for up to 4 weeks, compared with 24 out of 29 when mercuric chloride was used. Hatchability was very much better with peracetic acid (84 per cent) than with mercuric chloride (53 per cent).
From our observations it is apparent that after decontaminating eggs with sodium hypochlorite solution, treatment of the shells with peracetic acid is the procedure of choice since it allows a high rate of hatchability and at the same time is likely to provide satisfactory sterilization.
